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To provide a semiconductor memory element having ar. 
.ion car: obtain a good ehmic characteristic and can 
oxygen barrier even m a heat treatment in an high 



'■ — ^ se:v conduct or meniio-y element navmo a capacitor part, consisting 

v i i/wer e - o c t ; i do , a thin r e r r oe 1 e 1 1 r i c film 9, and an upper electrode, 
which :s connected to the dram region of a MOS transistor formed on a 
■ ; em: _: o.o;t: '.v.a a pic:; ,i:.i a burner meial, the lower elect rode 

consists an alley oxide film 14 of platinum and rhodium and an alloy film 13 
"f p ha": num. ana rhodium from t he side in contact with the tnm ferroelectric 
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x NOTICFS * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. in the draw ings. any words are not translated. 



01 TAUT I) DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

(The technical field to which invention belongs] this invention relates to a semiconductor storage element and the 
semiconductor storage element equipped with the capacitor which makes a ferroelectric and a high dielectric a dielectric film 
in more detail. 
[0002] 

[Description of the Prior Art] Now, what has in DRAM the memory cell which consisted of one MOS transistor and one 
capacitor is in use. in this 1 transistor and I capacitor type DRAM, it is becoming difficult to secure the capacity of a cell 
even year according to the request of high integration in recent years and detailed-izing. For this reason, it is a general trend 
by earning electrode area that capacity will be secured. That is. although electrode structure is solidified and electrode area is 
earned, this complicates the process very much and capacity reservation by this method becomes difficult. Moreover, the 
limitation is coming also for own thin film-ization of a dielectric. Then, the method of a dielectric being transposed to the 
oxide quantity dielectric materials of SrTi03 or TiO(Ba, Sr)3 grade, and securing capacity is examined. 
[0003] Development of the ferroelectric non-volatile memory (FeRAM) which operates at high speed with high density with 
combination w ith semiconductor memory w ith progress of thin film-ized technology in recent years on the other hand is 
prosperous. Research and development towards utilization are briskly done as memory in which the non-volatile memory 
using the ferroelectt ic thin film not only of the replacement to the high-speed writing ' EPROM w hich it reads and is the 
non-v olatile memory of the former [ points , such as height of the repeat resistance of low-battery operation, and 
writing read-out. f Ft- PROM, and a flash memory but the replacement to SRAM and a DRAM field is possible. 
1 0004] As a ferroelectric material. SrBi2 l a 209 with a sufficient defatigation property in which a low-battery drive is 
possible, and Bi4Ti 3012 are examined compared w ith PbZrTi03 (PZT) or PZT. However, in order to pull out the property 
of these high, dielectrics and ferroelectrics. the heat treatment process in the inside of the oxidizing atmosphere of the elevated 
temperature in 400-800 degrees C is needed. 

[0005] In case stack type DRAM and FeRAM which were integrated highly are created using the above material, in order to 
take contact in the MOS section and the capacitor section, the method of connecting electrically using plugs, such as contest 
poly silicon, is common. As a lower electrode of the capacitor section, platinum with high oxidation reaction resistance is used 
at the time of an elevated-temperature membrane formation process. As shown in drawing 2 . it is necessary to form the 
harrier metal 28 between the lower electrode 29 and a plug 25 in this case. And the barrier metal 28 is required in order to 
prevent spreading each element which prevents the reaction of the platinum used as a lower electrode 29. and the silicon of a 
plug 25. and constitutes a high dielectric film and a ferroelectric film into other films through the lower electrode 29 in a heat 
treatment process, in addition, the structure section view of the semiconductor storage element according to the 1st 
conventional technology — it is - drawing 2 — setting — 21 - a silicon substrate and 22 - a gate electrode and 23 — a source 
field and 24 — a drain field and 25 - a poly silicon contest plug and 26 — a localized-oxidation-of-silicon oxide film and 27 -- 
a layer insulation film and 28 -- in barrier metal and 29. a layer insulation film and 32 show an up electrode, and, as for a 
lower electrode and 30. 33 shows the bit line, as for a ferroelectric 

[0006] Moreov er, the technology of a publication is in a publication-number No. 45872 [ nine to ] official report as show n in 
draw mg 3 as 2nd conventional technology . Hereafter, this technology is explained using draw ing 3 . In addition, drawing 3 is 
drawing with which explanation of the 2nd conventional technology is presented. 

[0(HP] First. 0.2-0.4 micrometers of lower electrode-material layers 43 which consist of Pt which contained Rh 5 to 50% b\ 
the 2 yuan spatter using Pt target or Pt target which formed thermal oxidation Si02 film 42 as a lower layer film of a 
dielectric thin film on the silicon substrate 41. next contained Rh 5 to 50% by the weight ratio, and Rh target are formed. 
Next, after forming 0.2-0.5 micrometers of ferroelectric material layers 44 by spin coating. CVD. etc.. 600-800-degree C heat 
treatment was performed. Next. 0.2-0.4 micrometers of Pt(s) were formed, using a spatter as an up electrode-material layer 
4^ Then, the up electrode-material layer 45. the ferroelectric film material layer 44. and the lower electrode-material layer 43 
are formed in a desired configuration one by one using ion milling or the RIF method. 

| (| ()i)X] In addition, in this dielectric thin film, you may form the adhesion layer which consists of TiN between the lower 
electrode-material layer 43 and a silicon substrate 41 . Thereby, the lower electrode-material layer 43. a silicon substrate 4 1 . 
and the adhesion of a between improve. 
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[0009] 

|Problem(s) to be Solved b> the Invention] However, as a barrier metal, when TiN is used, at the time of heat treatment of a 
high dielectric and a ferroelectric. TiN oxidizes easilv b\ the oxygen of heat treatment atmosphere through the platinum of a 
lower electrode, between TiN and platinum, ablation arises or there are the cause and bird clapper of the hillock of platinum 
itself or a crack b\ the volume change or film stress. Moreover, since further hot (700 degrees C) heat treatment is needed 
compared w ith PZT w hen using very good SrBi2Ta 2012 (SBT) of a defatigation property for non-volatile memory 
compared with PZT. the structure which combined platinum and TiN is inapplicable. 

[00 10] Moreover, as shown in the 2nd conventional technology, oxygen barrier nature sufficient as PtRh as a direct lower 
electrode cannot be obtained to a polvsilicon contest plug. 

[001 1 ] Also in heat treatment of high-temperature-oxidation atmosphere, this invention is equipped with sufficient oxygen 
barrier nature, and aims at offering the semiconductor storage element w hich has the electrode structure where a good ohmic 
pro pert) is acquired. 
[0012] * 

[Means for Solving the Problem] The semiconductor storage element of this invention according to claim 1 is a 
semiconductor storage element w hich has the capacitor section w hich consists of the lower electrode, dielectric film, and up 
electrode w hich are electrically connected through the drain field, the plug and the barrier metal, or this barrier metal of an 
MOS transistor formed in the semiconductor substrate, and is characterized by the bird clapper from two or more films which 
have the alloy oxide film of platinum and a rhodium in the side to which the above-mentioned lower electrode touches the 
above-mentioned dielectric film at least. 

[00131 Moreover, the semiconductor storage element of this invention according to claim 2 is a semiconductor storage 
element according to claim 1 with which the above-mentioned lower electrode is characterized by the bird clapper from the 
two-layer film of the alloy oxide film of platinum and a rhodium in the alloy film of platinum and a rhodium or platinum, and 
the upper layer at a lower layer. 

[0014] Furthermore, the semiconductor storage element of this invention according to claim 3 is a semiconductor storage 
element according to claim 1 or 2 which the content of oxygen is 2% or more among all the composition elements of the alloy 
oxide film of the above-mentioned platinum and a rhodium, and is characterized by being 30% or less. 
[0015] 

[Fmbodiments of the Invention] Hereafter, based on the gestalt of operation, this invention is explained in detail. 
[0016] Drawing I is the structure section view of the semiconductor storage element of the gestalt of 1 operation of this 
invention, and is set to drawing 1 In 1. a silicon substrate and 2 a source field and 4 for a gate electrode and 3 A drain field, 
5 a localized-oxidation-of-silieon oxide film and 7 for a polvsilicon contest plug and 6 The insulator layer between the 1st 
laver. In 8. barrier metal and c ) an insulator layer and 1 I between the 2nd layer for a ferroelectric thin film and 10 The bit line. 
A titanium-nitride (TiN) film and 14 the adhesion laver which 12 becomes from Ti film, and 13 The alloy film of the 1st 
platinum and a rhodium (PtRh). As for the alloy oxide film (PtRhOx) of the 1st platinum and a rhodium, and 16, 15 is [ the 
allo\ oxide film (PtRhOx) of the 2nd platinum and a rhodium and 17 ] the alloy films (PtRh) of the 2nd platinum and a 
rhodium. 

[001 7 ] Hereafter, the manufacturing process of the semiconductor storage element of the form of 1 operation of this invention 
is explained. 

[0018] First, 5000A of localized-oxidation-of-silicon oxide films 6 for isolation was formed in the P type silicon substrate 1, 
with the ion implantation, the source field 3 and the drain field 4 were formed, and the gate electrode 2 was formed after that. 
Next, in order to form a stack type capacitor, a contact hole with a diameter [ for forming an insulator layer 7 in the thickness 
of 5000A between the 1st layer, then connecting the drain field 4 and the capacitor section electrically ] of 0.5 micrometers is 
formed. 

|0()I9] Next, by CVD, after depositing contest polvsilicon on the whole surface, flattening of the front face is carried out bv 
the chemical mechanical polishing (CMP) method, and the polvsilicon contest plug 5 which connects the drain field 4 and the 
capacitor section into a contact hole is formed. 

1 0020] On this polvsilicon contest plug 5. about 2000A is respectively formed for the TiN film 13 which serves as 200-300A 
and barrier metal in 1 1 film used as the adhesion layer 12 by the DC magnetron-sputtering method continuous!}' at 200 
degrees C b\ DC magnetron reactivitv spatter, then the TiN film 13 is crystallized at 600 degrees C with RAMIDDO thermal 
annealing (RTA) equipment Although Pt of a lower electrode and contest poK silicon react, a good contact propertv is not 
acquired, when a lower electrode is formed on a direct poK silicon contest plug, without forming this barrier metal, and heat 
treatment which is "00 degrees C is needed when a ferroelectric film is SBT. there is a problem that oxygen will penetrate, in 
this case. 

1 0021 1 Moreover, the 1st PtRh film 14 of 100-1000A of thickness (preferably about 200A) was formed at the membrane 
formation temperature of 250 degrees C b\ the DC magnetron-sputtering method, and the 1st PtRhOx film 15 of 100-800A of 
thickness ipreferabK about 800A) was formed at the membrane formation temperature of 250 degrees C by DC magnetron 
reactivitv spatter on it. The 1st PtRh film 14 and the 1st PtRhOx film 15 constitute a lower electrode. 
[0022] If thickness of the TiN film 13 is made into 2000A or less, although the 1st platinum and silicon of the PtRh film 14 
will react, since the whole thickness is made increased when the thickness of the TiN film 13 is made to increase, it is not 
desirable Therefore, the thickness of the TiN film 13 has desirable about 2000A as mentioned above. 
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[0023] Moreover, when thickness of the 1st PtRh film 14 was made into 100A or less, the oxygen gas atmosphere at the time 
of forming a ferroelectric film penetrated the PtRh film 14. the TiN film 13 oxidized, and a good contact property was not 
acquired. Moreover, since the whole thickness is made increased when the PtRh film 14 becomes 1000A or more, it is not 
desirable. 

[0024] Moreover, when thickness of the 1st PtRhOx film 15 w as made into 100A or less, the oxygen gas atmosphere at the 
time of forming a ferroelectric penetrated the 1st PtRhOx film 17, the TiN film 13 oxidized, and a good contact property was 
not acquired. Moreover, since the whole thickness is made increased when the PtRhOx film !5 becomes 800A or more, it is 
not desirable. 

(00251 The elemental -composition ratio of the 1st formed PtRh film 14 was Pt:Rh-90: 10. When the content of the oxygen 
element to all the elements of the 1st PtRhOx film 15 exceeded 30° o, the morphology of a PtRhOx film got worse rapidly and 
the crystal I in ity of a strong dielectric film formed on it became bad. As a result, the capacitor leakage-current property also 
became very bad. Moreov er, if it becomes 2°o or less, oxygen gas atmosphere at the time of forming a ferroelectric cannot 
penetrate, and a good contact property cannot be acquired. 

[0026] After forming a lower electrode as mentioned above, the SB T (SrBi2Ta 209) film which is the ferroelectric thin film 9 
is formed. This SBT film was performed by the organic-metal decomposition forming-membranes method (the Metal Organic 
Decomposition: MOD method). In this MOD method. 600 degrees C of the first baking were performed for 30 minutes among 
the oxygen atmosphere of atmospheric pressure. Then, as 2nd layer insulation film 10, the silicon oxide was formed by CVD, 
the contact hole w as formed in the upper part of a capacitor by the dry etching method, and the up electrode was formed after 
that. The up electrode w as DC magnetron reactivity spatter, formed the 2nd PtRhOx film 16 of 100-800A of thickness 
(preferably about 800A) at the membrane formation temperature of 250 degrees C, and formed the PtRh film 17 of 
100-1000A of thickness (preferably about 200A) at the membrane formation temperature of 250 degrees C by the DC 
magnetron-sputtering method on it further. Then, the size of a request of an up electrode was processed and heat treatment for 
30 minutes was performed at 750 degrees C among the oxygen atmosphere of atmospheric pressure as the second baking after 
that. 

1 0027] Finally, the contact hole was formed in the source field of an MOS transistor, aluminum was formed by the spatter, 
and it was further processed by the dry etching method, and considered as the bit line. 

[0028 1 Since the hysteresis loop of Pr= 1 3microC cm2 and Hc=40 kV cm was acquired and the symmetric property had not 
collapsed as a result of measuring the ferroelectric property of the capacitor formed of the above-mentioned process, it was 
*hown that the good ohmic property can be taken between a polysilicon contest plug, and barrier metal and a lower electrode. 
Moreover, as a result of measuring the defatigation property accompanying polarization reversal by stress pulse-voltage 5 V 
impression of the frequency of 100kHz. and 5°o of duty ratio, compared w ith initial value, the change was 0.03 after 1011 
cycles. 

[0029] In the gestalt of the above-mentioned implementation, although TiN w as used as a barrier metal, even if it used the 
nitride (TaxSil-xNy ) of the alloy of the tantalum and silicon which have the same barrier nature, the same effect was 
acquired. In addition, as for composition of TaxSil-xNy, it is desirable in this case that it is 1> x>0.2 and l>=y>0. Moreover, 
the same effect is acquired, even when forming a capacitor in right above [ of a silicon substrate ] and forming barrier metal 
between the lower electrode of a capacitor, and a silicon substrate. Moreover, in the gestalt of this operation, although the 
symmetric property of the property (hysteresis) of a ferroelectric is maintained by having the structure as a lower electrode 
where an up electrode is the same. i.e.. symmetric property, as long as it is not limited to the gestalt of above-mentioned 
operation and the symmetric property of a hysteresis is maintained, the electrode material used conventionally [, such as Pt. ] 
ma\ be used for this invention. 
[0030] 

[ [.-fleet of the Invention] As mentioned above, without a barrier metal front face oxidizing by using this invention also in heat 
treatment in about 750-degree C high-temperature-oxidation atmosphere, as explained in detail, the reaction of the platinum 
which is a lower electrode composition element, and the silicon of a plug can also be suppressed, and the semiconductor 
storage element which has a good ohmic-contact property is obtained. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

I This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings. an\ words are not translated. 



DESCRIPTION Of DRAWINGS 



[Brief Description of the Drawings] 

| Drawing 1 ] It is the structure section view of the semiconductor storage element of the gestalt of operation of this invention. 
| Draw ing 2 \ It is the structure section view of the semiconductor storage element by the 1st conventional technology. 
[Drawing 3 J It is drawing with which explanation of the 2nd conventional technology is presented. 
[ 1 Rescript i on o f N otat ions J 

1 Silicon Substrate 

2 Gate Electrode 

3 Source Field 

4 Drain Field 

> Poly si I icon Contest Plug 

b I.oealized-Oxidation-of-Silicon Oxide Film 

7 Insulator Layer between 1st Layer 

8 Barrier Metal 

L ) f erroelectric Thin Film 

10 Insulator Layer between 2nd Layer 

1 1 Bit Line 

12 Adhesion Layer Which Consists of a Ti Film 

13 Titanium-Nitride (TiN) Film 

14 Alloy Film of 1st Platinum and Rhodium 

15 Alloy Oxide Film of 1st Platinum and Rhodium 

16 Alloy Oxide Film of 2nd Platinum and Rhodium 
1 7 Alloy Film of 2nd Platinum and Rhodium 



[Translation done.] 
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